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1 1-0 the production of propane-1,3- 
This invention relates to the proa 

r^renared by a two-step process 
It can be preparea oy reaction followed by 

oxide is subjected to an oxonatxon reaction 

hydrogenation: 

O ^ HOCH2CH2CHO 

/ \ + H2 + CO 

CH2— CH2 

^ HOCH2CH2CH2OH 

HOCH2CH2CHO + H2 

united States Patent Specification No. 5,981,808 
united Stat ^^^.pt,,3phine-ligated cobalt compound 

.escribes the .eo a n p ^^^^^^^^^^ 

as oxonatxon catalyst in ^^^^^ catalyst 

solvent followed by ^^^^^ ^^^^^^^^ J,,,., product, 
fro. the 3-hydroxypropanal P^^^^^J* ,^,,^1 is then 

^ «wi-nre containing the ^-nyarox^t' f 
The aoueous mixture uuni-o 

,^,ec.ea « ....o,«>a.lon. Onitea S-es ^ 
specification NO. 5,585,528 proposes 

.Ltis.. .»ine as a p.o«>«. i. sue. a ^^J^^^^^^ „ 
-I 4. ether for extraction of tne aqu 

' orai cr/aiyst fo. re-use is d.scrib.a in »nite. 
recover cobalt cataiys ^^^^^ 

3„«s paten. ^^^^^^^^^^ ^ ^^^s a si^iar process- 
.tent SpecUicat »n ^ ^^^^^ „ .,.e„sti.e 

and proposes the use oi «» 

--r ii: — o. . process ..at 
^rr:: r::re r^rr t. 

,1- 97n*C and 100 bar (1000 kPa) . 
I hydrogenation at 22 U l anu 



conauions con«.i.n of is only a.out 

,0, wUU up to 10% is converted to "J^^^'^^^.or.^ion and 
. It has also been proposed to co*.ne the oxonat 

M„„ ,tep3 into a one-step process with, it is 
hydrogenation steps iniu 

, • „ minimal production of 3-hydroxypropanal as 
claimed, mininial pro effected using a 

byproduct, such a one-step process can be effec , _ 

^ ^v.= n- f-arbonvl as the ma] or catalyst 

ingredient. However, the use of a ^ _^ ^^^^ 

catalyst has also been proposed. An organic 

cataiysv- ua ..^--i-ion to be used in 

in the reaction enabling a water extraction 

1 \ Hiol from the oxonation 
order to separate propane- 1, 3-diol from 

„.ixture Ethylene oxide conversions of 55% with a . 
mixture. y o.^iol of 87% are reported, 

selectivity towards propane-1.3 dio o ^^^^^ 

united States Patents Bos. 5,310,948 a 
for^tion of ,-propiolactone or pol^rs J ' 

carbon monoxide and ethylene oxide m the presenc 
cobalt-containing catalyst system comprising a source 
cobalt and a hydroxyl-substituted 

Propane-l,3-diol can ^^--^^.^•''^^^IZT^^^.n. 
glycerol using recombinant ^"^^^^ 
diol dehydratase, such a process is taught in 

Patent specification NO. 5,821,092. 

^^.^^ qnbiect acrolein to 
It has also been proposed to sub^eci 

...ration so as to form 3-.<'"'--ropa.al -ich s ^» 
nydrogenated. In this connection "^^^^^ 
united States Patent specif ication No. ^.364 987 

in united States Patent Specification Ho. 5,334 778 

is proposed to produce propan-1, 3-diol having a residual 

IS proposea so p , ,.,,.i„tlcallv hydrogenating 

carbonyl content below 500 ppm by catalyticaliy y ^ 

solution in the presence of. a 
3.hydroxypropanal " ^ » . , 3..ydroxypropanaI 

hydrogenation catalyst at iu t:o o 

«f cn% to 95% and then continuing the 
conversion of 50% to yo* an ^ . ^ , ^-Wroxypropanal 

lonT. to 140''C to achieve a a-hyaroxypi.ui' 
hydrogenation at 120 c to iiu v. 
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conversion o£ however, generally .»re 

Both glycerol and acrolein « ■ g,„<,, 
, i.ss available than ethylene o 
expensive and less ition to manufacture 

is not currently an -"""'/'^^ «„tioned 
propane-l,3-di<.l by either of these 

Id be desirable to provide an i.*roved process for • 
It would be desrr ^^^^^ ^^^^^^^^ be 

a.e P"^-"- ^or'producmg propane-1 , 3-diol 

desirable to provxde a pro ,„i,onyl confound which 

hydrogenation of ^^ZZ prlpane-l, 3-diol and 
e=*ibits increased ^ ,yp,oducts, such as propan-1- 

.eduoed a^unts ^^^f/Jf,,,, „ propane-1, 3-diol. 
01, Which cannot .^^^ a process for the 

„ would further be --"*^;;;\,,,„,,„,.ion of an 
production of P"^"";''' ^ mad. from ethylene oxide 

intermediate compound whi^ ca 

-d which contains at oligomer, of 

" "ralTte'r f 3-hydro.ypropionic acid, with 
nrooiolactone, or an esuc . 

Lnimal formation — /^^fol t" P«sent invention 

It is accordingly an object of prcpane- 

- P-ide an improved process ^^^^ 

1,3-diol. xn ^^^^^2s )or\r^o.., propane-1.3-diol that 
a hydrogenation process J ^^^^ ^^^^^^^ 

, uses in a hydrogenation step a P^ ^^^^^^^^^ 

yet a further '^^^^^Jl'^^Z'.^io. of propane-1. 3-diol by 
provide a P""" ^° ;;;^,,,,e compound which can be made ^ 

r:= -.such -7r:nr::rrar:r " 
» .east <'-;"7j;„:;^r.r:Vo^^^^^^^^^^^ — ; 

selected from ^'^^^"^ J 3-hydro.ypropionic acid, and 
Of f-propiolactone, """J ^ „,„,ed a«unts being 
mixtures of two or more thereof, 
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. . ndesirable byproducts, such as propan-l-ol, which 
formed of undesirable byp propane-l, 3-diol. 

«v be converted to the desirea pi- y 

cannot readily oe ^ provided 
According to the present invention there is p 

process for the production of propane-1, 3-diol which 

comprises forming a vaporous feed mixture comprising a 

Jrogen-containing gas and a substantially anhydrous 

feedstock selected from 3-hydroxypropanal, P prop 
feedscocK. of 3-hydroxypropanoic 

heterogeneous hydrogenation catalyst an 

nnHHtions effective for hydrogenatmg 
hvdrogenation conditions erieu 

■, -J ^-loi and recovering from the 
feedstock to propane-1, 3-diol, and „ropane-l,3- 

. » . reaction product comprising propane i, 

hydrogenation zone a reaction p 

ot-etj is substantially 
The feedstock to the hydrogenation step 

. is to say it contains no more than about 5% 
anhydrous, that is to say it ^^^^ ^^^^ 

(„/v) , preferably no more than about 1% («/ 

w n 1% (w/v) of water. It is 
r,,-«.ferablv less than about 0 . 1< (w/v> « , . „ 

preferaDiy le ft_r,ropiolactone, oligomers 

selected from 3-hydroxypropanal, (i propioia 
Of -Propiolactone, and esters of 3.hydroxypropanoic acid, 
and mixtures of two or more thereof, p-propiolactone can 
self-polyxuerise to form oligomers of p-propiolactone . The 

. nre than a minor amount of such oligomers in the 
presence of more than mino ^^^^^uy undesirable 

.one which contains less than about 10 »olar % o£ cU,o«rs 
o -ptopiolsctone. .cco...n,l, U wUl usuaX.. .e p.e.et.e. 
■ .0 Liaise the proportion oU,o»ar= ot p-ptopi.lactone .n 
the feedstock to the hydrogenation 2one. 

Hydrogenation is effected using a vaporous leed :a.«ure 
to the hydrogenation zone, this mixture containing in 
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..■..on to the feedstock also a hydrogen-containing gas 
addition to the „,ef erably svtostantially free 

The hydrogen-containing gas is preferably 

v.ni- mav contain one or more inert g** 
tr^ carbon oxxde, but - 50» 

such as nitrogen, argon and heli», 

Wv, but «bicb preferably Co not -eed -out 0» / 

^1 Ar. Mceed about 5% v/v, e.g. 
more preferably do not exceea 

o= cplected so that the 

The hyarogenation conditions be selected 

..ction ..ture exiting - --.-^^^^^^ , 
the ,apour f^^^ -f-;; J^^^^^^^^^^^ conditions 

hrth 1^, U:cture at the exit end o. the 
such that tne rea^u least 

...rogenation .one is below its ^^/^^f^^,,, 

some o£ the condensable components thereof P 

liquid phase. ^^^^ ^^^^ e„„enlently contains a fixed bed 
c. a Iirrrdrogiron catalyst. If ^'^'^^ 
. nydrogenation .on. can contain J^" /^s f^, 

..e hydtogenation ^'^^^^-J;-^^ other bed. 

,rom the hydrogenatron catalyst o ^^^^^^^^ 

The hydrogenation catalyst is pr 
„oble metal catalysts, such as 

copper-containing catalysts. More preferably the 

n 4« A coDoer- containing cataiy»^- 
...rogenation catalyst s a ^^^^ ^^^^^ ^^,,,^3, ,e 

active catalytic species m the hydr g ^ 
. «.ri-iallv supported on a supporting material 
at least partially suppo silica, silica- 

selected from chromia, zinc oxide, alumina, silica, 

inron carbide, zirconia, titania, carbon, or a 
alumina, silicon carbiae, = mixture of 

t-Vijireof. for exan4>le, a mixtui-c 
mixture of two or more thereoi, 

chromia and carbon. catalysts 
« examples of suitable copper-conta.nrn, 

„sy be utilised in the process o' the i,wention 
be mentioned reduced copper oxide/.rnc oxrde 
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.^h.lvsts reduced manganese-promoted copper 
hydrogenation catalysts, rea reduced 
italysts, reduced copper cbromlte catalysts, and 

promoted copper chromlte _ , ,,,„„d 

preferably the ^^^^^^^'^^^J'''^^' 
manganese-pron»ted copper catalyst ' 
copper catalysts preferably have a total surface a 

^ 4:^v.=Mv at least about 20 m/g, 

least about 15 mVg, more preferably at lea 

nreferably at least about 25 mVg, m the 
and even more preteraoxy 



unreduced form. <.,i„«t -is a 

. particularly preferred ■^V^-.enatron c^^l t^ s^ 

reduced manganese-promoted copper catalyst which xs a 

" r roirrrrjrt:: re! — . 

T «.4+-oH nf The Technology uenT^rer 

LxmxtedofThe alternatively there may 

Stockton-on-Tees, TS17 6PY, Eng catalyst which is 

be used a reduced manganese-promoted copper cataly 
available as DRD92/89B catalyst from Kvaerner Process 
Technology Limited. ^^^^^^ ^^^^^ 

The hydrogenatxon step conduc ^^^^ion 
feed conditions so that the feed stream to the hydr g 

• .hove its dew point and is thus a vaporous feed 
zone is above its aew p hydrogenation 
stream The reaction product mixture from the hydrog 
stream, m temperature above its dew 

zone can also be recovered at a tempera 
point so that it too is in vaporous form or it can be 
Recovered at a temperature below its dew point so that at 
least part of the condensable components thereof are 

liquid form. hydrogenation 

Although it is possiDie to 
process of the present invention in a tubular reactor under 
substantially isothermal conditions, it wiU non^lly be 

A ooerate under substantially adiabatic 
preferred to operate una ,^talvst bed or beds 

hydrogenation conditions using a fixed catalyst 

H • .batic reactors are much cheaper to construct than 
since adiabatic reactor ,^ designing 

tubular reactors. However, care should 
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^4^„lar in selecting a suitable 
..e plant, in P^^^^J ^ ^^^^ , .ize. that th. 

,„=.«.»t.cX tat.o ana ^^^^^^ ^„ , 

.en^ratur. ..se across 

„asona.le value. '^"'^^^^ ^«ure is 

to keep the tei.perature to whi £„^ticn ct 

exposed Within desired li»ts In thxs «, 

..p^opanol as a ''^f -/^^Jrlerhat,' in the vaporous .eed 
^^ will normally be pre£err. 

to the ^Vdro,enat.on^one the y^ .^^^ ^^^^ ^^^^ 

gas .feedstock molar ratxo shall 

50:1 to about 1000:1. hydtosenation zone 

i, £ro» about 130 C 

,3S.C to about ^ia .about 3.... -a, 

hydrogenation zone xs £ 

" about 2000 psia " '^^j „ ,oOO psia .about 

3,„ut 3S0 psia <^-; supplied to 

6894.76 kPa) . Ihe feedsto eorrespondin, to a 

- "'""'^"""y - about O.OS to about S.O 

liquid hourly space velocity gas is recycled 

J. preferably unreacted hydrogen-contarnxng g 

f„. further use ^ydrogenatlon zone can 

« desired, ""^ „nich is stable 

be diluted with a solvent, such 

- ----- — :ra:e;ih the fouowin. 

The invention is further ixj. 



30 



Examples . 



Ey?T"p3.g ^ ^ ^ ^ ^vnvide a simulation of 

This Exa.pl. was intended to provide a ^^^^^^^ 

conditions sirdlar to those that -^^^ "J^; 3. 

hydroxypropionate utilising r y 
saturated with methanol co-product. 
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A solution of crude methyl 3-hydroxypropionate 
,approxi.»ately 90. pure, was aUuted with ^ ^^^'^^'^^^^^^ 
.,aal wel,ht of methanol to form a feed solution Th.s feed 
solution .as subjected to vapour phase ''V^*^" "^^^ 
once-through adiabatic fixed-bed reactor. "J^^^^ 
constructed from a « cm length of 20.96 internal d.ameter 
ruhe Which was oil- Jacketed to reduce heat losses. The 
..actor contained a charge of 100 ml of DRD92/89. catalyst 

■ „, f.™ Kvaemer Process Technology Limited 
which is obtainable from Kvaemer jrio 

of The Technology Centre, Princeton Drive, Thomaby, 
Stockton-on-Tees. TS17 6«, England. The catalyst was 
reduced by a procedure analogous to that described in United 

States patent Specification »»• ^''^^f ';^^^ ^^^^ 

The feed solution was supplied at a teea r 
„ a heater and vaporised by a stream of pure ^y^^''^^' ^ 
rate of 1000 Nl/h (i.e. 1000 litres per hour measured at 760 

J n'rf The vaporous mixture was passea 
mm Hg (101.33 kPal and 0 C) . The vapor 

over the catalyst at a pressure of 400 psig ,2757.90 kPa 
gauge, and a temperature of 13B-C. The reaction product 
mixture exiting the reactor was cooled and the condeneed 
U^id collected. The feed and product were analysed by^as 
Chromatography using a 60 metre CP SIL 19 capillary column of 
0.32 mm internal diameter with a 1.3 P» film thickness. 

conversion of the methyl 3-hydroxypropionate was 
determined as 73.3% with a selectivity to P^P-;--;' ^-^"^ 
83.4% and to 1-propanol of 5.8%. It ia believed that the 
byproducts co-prise mainly materials which, upon 
hrdrogenation, can be converted to propane-1, 3-diol and hence 

can be recycled, 

"""^general procedure of E.a.ple 1 was repeated except 
that the teroperature was 148»C. Conversion of the methyl 
3-hydroxypropioQate was determined as 84.9% wxth a 
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1 diol of 84.8% and to 1-propanol of 
selectivity to 1-propanol. 

^^^^^'^^ . f FxamDle 1 was repeated except 

The general procedure of Example i wa h . 

. n4»c conversion of the methyl 
that the temperature was 174 C. Con 

rr3:ror:3.r. o. 



diol. 
gy^^mple 4 



The sa»e £eed solution as used in Example 1 «a. 
.„.„«e. « vapou. PH.3. .,d.o,enation ^-^ -^^^l^^^^^^^ 

,as following condensation of ^ ^„ 

„,ke-up pure hydrogen was suppli«l to j„„ , 

Thi> reactor was constructed 
constant system pressure. The reac 

^v. ofi 64 mm internal diameter tube wnii- 
.00 =» length of 26 64 - 

insulated and provided with elect 

prevent net heat loss fro,, the reactor. The reactor 
ontained a charge of 2S0 ^ of 0.»=2/8,. ^ 
catalyst was reduced following reduced by a procedure 

, that described in United States Patent 
analogous to that aescriu= 

specification No. 5,030,609 ^ 
The feed solution was fed at a rate or 

. H hv a stream of mixed recycle gas and 
heater and vaporised by a s ^^^^^^^^ ^^^^^ 

tL crtalyst at . pressure of 88S psig 
was passed over tuc j iaq^p The 

,6101.. 6 «a gauge, and an inlet temperature of 149 C 
VDAWJ.*"^ ^ Tcnor The reactor 

outlet temperature was measured as 150 c. n>e 
product mixture wa, cooled and the condensed liquid 
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collected The feed and product were analysed by gas 
collected. ^ capillary column of 

chrcatograpny using a 60 .etre C XL J^^^^^^^^, 
0.32 ma internal diameter wxth a 1.3 ym fil 

• the methyl 3-hydroxypropionate was 
Conversion or tne mei-uyx j , o ^^oi of 

• H 77 8% with a selectivity to propane-l,3-dxol of 
determined as 7/.b« wiwi 

78.9% and to l-propanol of 14.8%.' 

^"^^ ^ ,f Example 4 was repeated except 

..e ^--^^^-^^^7 J 3^:1, (5067.65 .Pa), and the 
that the inlet pressure was 735 psig ( ^^^^ 

.ixed recycle and pure hydrogen make-up flow ^ 
«l/h. conversion of the methyl 3-hydroxypropionate was 
ae ter^-ned as 61.U with a selectivity .^o,^^ 
,3.0. and to 1-propanol of 

p.essure.and lower gas rate ^-^^^o^^-^.^-^o. 
conversion but with similar selectivities to p P 

and to l^propanol. 
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ss for the production of propane- 1, 3 -dxol whxch 
, • - P--- . l\Z,lous feed fixture co^rising a 
coraprises fona.ng a vapor ^^^^^^^ ^^,^,,,,3 

hydrogen-containxng gas and a.p.opiolactone, 
. dstock selected from 3-hydroxypropanal, P prop 
feedstock seie g.hydroxypropanoic 
v-o of B-oropiolactone, esters or J i»y 

acid, and mixtuies of t»o m containing a 

. J „w«iTe to a hydiogenation zone co 
vaporous feed mxture to y ^i„tained nnder 

netexogeneous ''^^'''-'^""/^"'rjr hydrogenating 
roriat- r a p.od.ct c.pa=.n, p.opan..3- 

ocording to claim 1. "herein the feedstock 
comprises an aiKyx « 

hydroxypropanoic acid. ^^^^^.^ 
3. . process according to clax. ^ ^^^^^^^ 

hydrogenation is effected usxng a fxxed 

hydrogenat ion catalyst. 3 wherein 

4 A process according to any one of claims 

.ion catalyst is selected from noble metal 
the hydrogenation catalyst 

catalysts and copper-containing catalysts. 

according to claim 4. wherein the 
5. A process according ,„„taining catalyst. 

-ion catalyst is a copper-contaming 
hydrogenation cataiy therein the copper- 

6 A process according to claim 5. where 
' «,..lvst is selected from reduced copper 

containing catalyst ^^.^wsts, reduced manganese- 

„e cata.yete. 
promoted copper catalysts, r ^^.-.^sts 

copper catalyst. claims 1 to 7, wherein 

8 . A process according to any one of claims 
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the hydrcen-contalnin, ,as:feedsto=. »olar ratio in the ^ 
vaporous f.e6 mixture is in the range o£ £ro» about 50.1 to 

about 1000:1. ' „ 4„ 

9 » process according to any one oi claims 1 to 8, .herexn 
the feed temperature to the hydroganatlon zone is from about 

130°C to about iSO^'C, 

10 A process according to claim 9, wherein the feed^ 
te:.perature to the hydrogenation zone is from about 135'C to 
about ISO'C. 

11 A process according to any one of claims 1 to 10, 
wherein the feed pressure to the hydrogenation zone is from 

r.hr>,ii- 344 74 kPa) to about 2000 psia (about 
about 50 psia (about s^'i.ii ^jra; 

13789.52 kPa) . ^ ^ 

12 A process according to claim 11, wherein the feed 
pressure to the hydrogenation zone is from about 350 psxa 
(about 2413.17 kPa) to about lOOO! psia (about 6894.76 kPa) . 

13 A process according to any one of claims 1 to 12, 
Wherein the feedstock is supplied to the first hydrogenatxon 
zone at a rate corresponding to a liquid hourly space 
velocity of from about 0.05 to about 5.0 h'^ 



0^ 
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